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DEVELOPMENT GF AN ARID SITE CLOWRE PLAN

J. W. NYha.nand F. J. Barnes
Environmenta.1Science Group

Los Alamos National Laboratory
Los Alamos, ~ 87545

ABsTRAcf

The purpose of this task is to tievelopa prototy-peplan
for the effective closure and stabilization of an arid
low-level waste disposal site. This prototype plan will
provide demonstrated closure techniques for a trench in a
disposal site at Los Alamos based on previous NLLWMP-
sponsored SLB field research both at the Los ,AlamosExper-
imental Engineered Test Facility, and at two waste dis-
posal areas at Los Alamos.

The accuracy of modeling soil water storage by two hydro-
logic models, CREAMS and HELP, was tested by compa-j.ng
simulation results with field measurements of soil rr,ois-
ture in eight experimental landfill cover systems having a
range of well-defined soil profiles and vegetative covers
Regression analysis showed that CREAMS generally repre-
sented soil moisture more accurately than HELP simu-
lations.

Precautions for determining parameter valuus for model in--
put and for ln~erpreting simulation results are dlsrusst~d.
A specific example is presented showing how tbe field-
validated hycirolo~icmodels develuped in this endeavcr can
bc used to develop a final prototype closure plan.

INTRODUCTION

If wc examine the ecosystem proccsscs that influence site cl~suro and
Iong.’tcrmsito performance with potential impact on dose to man (Fjgure 1), we
noie that water and SOI. dynamics, as ln~luonccd by physicml nnd biol~gical
factols, account for most of th’ p<’~l$J!UiJ’)f’C--~c;~ted ~roblcms. For example,
erosion usso-{”~tcdwith the runoff from m t~”cnchcap cnn brrmh tho C.R:J ~?]~

expose waste [U the biouphere. Consequently, erosion rntos or tho cap rllllsthe
withjn t[)lcrmnc[”sthat leave tho cap intnct o’;ortl,’;l(?O-2d0ycnr life uf the
LLW disposnl fnciiity. Likewise, wt.tturthat fnfiltrutcs into thn tretichcap
cnn nccumulatc in the trench (lmthtub offcc.t)and/or pcrcolatc in nssocimtion
with solutes into groundwntcr, I’ercolationmlso cnhnncos subsidence of tho
trench cap as n rnsult of decomposition of bulky waste in the trench, l;i-
nally, both plants :Indunimals, in nddition to pluyinx an importnnt role fn
water balaucc, c:lnponctrntc into the wnstc nrd trnnspnrt r:~clion(lclldrs to tlw
grounclsurfncn ns :1ru~;[llrof r~mf ~l[)f,:tkct\lN1/or1)(11”1’owillJf Ilct,ivit{(!$i,
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FIGURF 1. Hydrologic PCXASSCS effmting shallow iand b~rial sites.

Althou~h trench cap config~rations are usually arbitrarily chosen, the
nnjor point that this paper is mnking is tbt SLB design characteristics such
as trench cap thickness do not have to be arbitra~ily chosen. Hydrologic mo-
dels are frequently used to estimate or predict water bal~ce components in
agricultural and rangeltu)dwatersheds (Lane and Stone 1983, Lane et al. 1984,
k,ne and Barnes 1937), or to aid in designing recln.mationprojects for surfttcc
mining or landfil! operations (Hakonson et al. 1982, Nyhn.net al. 1984). The
choice of a model depends on tho specific need, the dat available, and the
perceived accuracy of the simulation results. Comparisons between models for
a wide range of site conditions, and tests of the accuracy of the sjmulntcd
results aro necessary for an informed choi:e, Few such st’dies on commcnly
used models have been presented,

Tn this study. the USDA model CKEAMS (Kntsel lgSO) (n)dthe EPA mode] IKI,P
(Schrocdcr et ml . 1993) were used to simulate soil water storngo in eiqht ex-
perimental landfill cmmr syst.cmsover a two-yeur period, Thc*scmrxlclsorc
widely used in the mutmgcrncntof agricultural lnnds nnc!hnz:lrdous wtINtc l:lncl-
fill systems. The ntcthocls of parnmetcrizing the models nre djNctIs\ed, l;iel(l
CItlt[l on soi 1 moisture (tnd vegct:It ion I[xlfnrcm iIK1i CCSnrc pr~srirlt (vI for ! t)v
vrlrious c:ovor Irrutmot)ts, Soil moislllre v(lluc% prcdictcxl I)y rilc]lm(xlpl tirtt

comp:lrod wittl fio]d (I:ltn, [111(1 I 11(! :l(:cl]r~i(:,y of (xlcl] mo(l(? ] llSS(?!i!i P(l , /111 (~x;llll]) ] t~



of how the CREAMS model can be Ilsedto optimize trench cap configurations at
Los Alzunos,NM is then presented.

BACKGRCUNII

The CREAMS model (a Field Scale Model for @emicals, Runoff, and Erosion
from &ricultural &nagement &stems) was developed and intended for modeling
field-scale agricultural systems (Knisel 19S0). The model has been used in
several areas of waste management research in semi-arid climates, including
erosion studies (Nyhan and Lane 19S2). water balance and primary production of
desert shrubs (Lane et al. 19S4) and landfill cGver design (Hakonson et al.
19S2, Nyhan et al. 1984). Both CREAMS and HELP have been tested in a limited
way with respect to percolation of water below a surface rooting zone, but not
in any detail with respect to the effects of native plant cover on soil water
storage.

CREAMS was used in the daily rainfall-runoff mode to obtain a complete
water
water
zone)
water

where

budget (estimates of runoff, evapotranspiration, percolation and-soil-
storage, or water content in the soil column to the depth of the rooting
on each day that there was a precipitation event; using the simplified
balance equation:

ds/dt = time rate of change in soil moisture, P = precipitation, Q =

(1)

runoff, ET = evapotrnnsp!.ration, and L = seepage or percolation. Monthly and
annual water budgets arc also obtained. The model is one-dimensional, cal-
culating the process of vertical transport of water in the scil column using a
seven layer representation of the profile from the surface extending through
the rooting zone of the vegetative cover, Inltiml responses to precipitation
arc cnlculatcd on a daily time-step using a modification of the Soil Conser-
vation Service (SCS) curve number model (Knisel 1980),

An alternative model, HELP (~drologic @aluation of@ndfill ~erfor-
rm.nce)is presented as being directly applicable to most landfill designs. In
contrast to the purely one-dimensional character of CRE.4.MS,the HELP model
permits quasi-two-dimensional modeling of soil water movement by including
lateral flow simulation in drainage layers. Precipitation inputs are modeled
one-dimensionally down to the depth of lateral drainage lttycrsor Impermcnblc
membrane liners, Latcrtilflow out of drainage Inyers IS treated scpnratcly,
The infiltration routine is similar to that ~lsedin CREAMS, and there mre
changes (claimed to bc improvements) in the treatment of percolation nnd
evnpotranspirntion. The model is intcractfvo and user-friendly, with dcfnult
climatic and soils data nvailablc for many regions in ths U, S. Dcf:mlt cs(i-
matcd vcgctution clnla is also nvnilnblc to the user. Altcrrmtivcly, the t]ser
cm specify piir:lmct.cr vulucs specific to (IIC sito bcin~ mo{lc]cd,

1101}) modvls rvq(lirc (l:lt:~ or) soil rl):ll.:~(:t{~t’isti(:s, sc:~son;l! vef~(it:~tion
ch(lroctcristics and soil cover d.~sli!n ;ts irIpIIt , Mot]~hly M(’:111 t(Vlll)(!~:lt(l~{~S,

mwtn montt)ly sol:lr rndl:ll ion v:\l II(!s, :\IMl d:~i 1y pr~cil)i (:~t ton tnp III,S ~~1’c :\ 1so
rr(lllircd,



MATERIALS AND METHCU18

The study area was a closed low-level radioactive waste disposal site
(“AreaB”) located at Los Alamos National Laboratory in north-central New
Mexico. Area B (Fig. 2) has a generally uniform 5% slope and southeast as-
pect. Remediation treatment in 1982 resulted in three distinct soil profiies
being instailed across the site (east, west and cobble-gravel). Eight exper-
imental plots were established on the site, distributed on the three soil pro-
files as shown in Figure 2. The topsoil used in the construction of the Area
B landfill cover remedial treatment is a local Hackroy sandy clay loam (Nyhan
et al. 197S). The crushed Bandelier tuff used as an overburden to the waste
material P- be classified as a sandy loam. East and west control profiles
differ in the amount of sandy clay loam in the profile. The west profile is
more typical of landfill covers at Los Alamos, having about 15 cm of topsoil
over 85 cm of crushed tuff. The east profiie has a much higher amount of top-
soil [sandy clay loam) mixed into the profile as a result of reconstruction in
19.??2.and thus the east soil profiles have significantly higher water holding
capacity than the west soil profile. The “biobarrier” profile has a layer of
cobble and gravel (as a barrier to r=pillary moisture flow and biointrusion)
overlain oy 45 cm of crushed tuff and 15 cm of topsoil.
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Each plot was 8by 24m (25 by 90 ft), oriented parallel to the slope.
The vegetative cover treatments included bare, grass and shrub covers (Table
1). The “bare” treatment was weeded frequently to remove all s’anding live
vegetation, resulting in a variable vegetative cover during the summer months.
The grass covers were weeded to remove forbs and seedling shrubs. Shrub
plantings of rabbit’brush(Qhrvsothamnus ~useosu~ subsp. latisc.tuame~(Gray

3H. & C.) were established in 19S4 at two densities: dense at 2.15 plants/m-,
and sparse at 0.43 plants/m2. These covers were weeded to remove grasses and
forbs.

Table 1. Plot numbers for each cover and soil profile treatment at
&gs Alamos Area B site.

Soil Frofile—

East West
Cover Treatment Control Control Biobarrier

Bare 2 13
grass/forbs 4 12
rabbitbrush, dense 3 11 7
rabbltbrush, sparse 10

—.

Throughout the year, soil moisture distribution with depth was measured
with a neutron moisture probe (Campbell Pacific Nuclear Corp. Model 503,
Path.co, CA) via access tubes at three or four locations per plot. The meas-
urement frequency was not great enough to follow each precipitation event and
thus data represent average trends in soil moisture.

Plant Parameters

Hydrologic models require estimates of leaf urea Index (LAI) and rooting
depth as input for calculating utilization of soil moisture by the vegetative
cover. LA] data arc commoniy available only fol.crop spccics or grass covers.
In order to extend CREAMS and llKLPmodeling strategies to native plant covers,
it was necessary to develop nortdcstructilcmethods that allowed frequent esti-
mates of LAI during the year without disturbing the vegetative cover on tic
plots.

‘)



perpendicular to Dl) were measured to the nearest cm. Three subsamples of
actively growing twigs were taken from the crown, and the rest of the crown
was separated into actively growing leaves and twigs (current season), and
secondary (older) twigs and hr.anches. The subsamples were separated into
leaves amd twigs and projected area of each portion determined using a leaf
area meter (LI+XIR, Inc., Model 3050, Lincoln, NE). The sllbsampiesand the
rest of the shrub’s crown portions were then dried at 75°C for 4S h, and
weighed. Specific leaf mass, SLM (gm cm-2), was calculated for each sub-
sample, the mean computed for each shrub harvested and an overall mean com-
puted for all shrubs sampled (Table 2). The dry leaf mass as a fraction of
dry mass of current growth was determined and total crown leaf area est~.mated
for each shrub. Several regression models relating crown biomass and leaf
area to crown vo!urneand crown dimensions were used. Tests showed that the
highest correlation coefficients were obtained using spherical crown volume as
the independent variable of crown architecture in the regression models (Fig.
3).

Table 2. Mean vai~les,standard errol (S.E.) and s,runplesize (n) of
specific leaf mass (SLM, g/cm ) and leaf mass as percent of total
above-groundbiomss (LM, %) for rabbitbrush and mixed grasses.—

Mean
Value S.E. n

rabbitbrush
SLM 0.016s 0.0013 33
LM 0.499 0.021 33

mixed grass
SLM 0.0243 0.0021 122
LM 0.424 0.023 104

..

Using the relationships developed. total biomss and leaf area indices
were periodically estimated for the plots with rabbitbrusn cover, Shrub indi-
viduals were r.a.ndomlyselected on each plot, and the canopy dimensions re-
corded. A mean spherical crow,~volume for the plot was computed, and biomass
and leaf area index estlmat,ed using the regression relationships and planting
densities.

Grass

Regression relationships were developed bctwetm visually cstitmtcd per-
cent co~’erand total nbovcground dry biomnss on the bare and mixed grass plots
as follows. on each sampling date, qu.~clrats(25 x 50 cm) were Ia!d out ran-
domly on enc}~plot, Tllclocattons ticresclectcd so as to surnplu over the
range of gr:~ssc:lrwpycover on tllcsit.c, For-cnc:hq~ladrat., thc:pcrccn t :IKC of’

()
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ground covered by the grass canopy was estimated (percent cover). All stand-
ing biomas~ in the quadrat was clipped and bagged, and taken to the laboratory
for sorting. Each sample was separated into green leaf, green stem, and
standing dead fractions. Projected area was measured on the green fractioi~s.
All fractions were dried at 75W for 48 h, and then weighed. Biomass per unit
ground area, leaf biomasc ns a fraction of total biomass (LB) and specific
leaf mass (SLM, or mass of dry leaf per unit leaf area) were determined for
each quadrat sample.

Several regression relationships between biomass and percent cover were
developed and tested for the effect of time of harvest, Flot location, or
vegetative cove,.. Statistical analysis showed that effects of vegetative co-
ver (bare versus grass) and plot locations were not significant, Neither time
of harvest, vegetative cover, nor plot location had a significant effect on
the overall SLM or LB. Time of harvest had a significant cffec~ and data were
analyzed by month to give four linear regression equations. In the final
annlysis, it was found that use of the monthly regression equations had zn
insignificant effect on actual LAI estimates for tmch plot, and in the fol-
lowing discussiorl,the overall linear regression equation was used (Fig. 4),
To estimate the changes ir,LAI during the growing season, pcrccnt cover WaS

~stinat~(] on c:lch of :tseries of ci~ilcr ~5(1 or 103 rnndomly placed quadrats on
Wlctl plot. ‘1’}1(:ovcrnll rc~rcssit>nCC[\lilLiClll W:ls USccl to estimnt.c:lvcr:lgct.ot;ll
biomass, nnd 1.11:md S!.M used to mlculntc I,AI.
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Figure 4. Relationship between canopy cover and total above-
grouml biomass of mi~ed grasses at Area B.

Modeling Studies

The modeling studies were conducted in two phases. Initially, a series
of CREAMS simulatiol~swere conducted to optimize values of hydrologic soil
parameters. Secondly, CREAMS and HELP simulations were conducted on all ex-
perimental scenarios using the optimized parameters and, -forHE.!.Ponly, using
the model’s default values.

..

Lane (1984) gives a range of possible values for each soil parameter re-
quired for CREAMS (saturated hydraulic conductivity, bare soil evaporation,
porosity, field capacity and wilting point). The optimum values were chosen
by initially conducting a series of simulations to explore the capability of
the models to reproduce observed profile averaged soil moisture trends from
1983 to 1!38!5 on the west control plot 11 which had a dense rabbitbrush cover,
a standard lm.dfill cover soil profile, and a two-year record of soil moisture
measurements prior to the start of the study (Nyhan ct al, 19S6).

The basic structure and initialization cjfthe model wns estziblishcdusing
known site specific data, actual daily precipitation totals for 19S3-19S5, and
20 year averages of air tompcrat,urcand :s~!tirra~~iatjo[lfor LOS Al:~mos. LAI
in 1’3S3and 19S4 W:IS c:stirrxqtcd so as ro ~~~rce with O)ISCCVCCI s(:~:;onality ir~

growth patterns and LA1 levels att.aincdby hcrh:lccouswcc(isin !9S5. For
19S5, estimates of i,AI were basccion ficl{imeasurements on shr~]hsand



herbaceous weeds. Instead of using recommended values for soil hydrologic
parameters of the appropriate soil texture classes represented on our site
(Knisel 19!30,Lane 19S4, Schroeder et al. 19S4), several simulations tested
the effects of varying the parameters over the reported ranges on predicted
average soil moisture content.

First, average values of certain soil parameters (saturated hydraulic
conductivety, field capacity and wil~ing point) were used as recommended by
Lane (19S4) and Schroeder et al. (19S4) for the soil texture classes repre-
sented in the plot 11 soil profile. Second, the ranges suggested for the soil
texture classes ~Ia.ne19S4) were tested. Third, the effect of using the meas-
ured saturated hydraulic concluctivitiesof the specific soils on the site
(Abeele 19S4) was tested. Fimlly, after determining which parameter values
maximized the fit between observed and predicted retention and drainage of
soil water, the curve number .fasadjusted to obtain the best possible repre-
sentation of infiltration of precipitation from summer storm events.

The performance of CREAMS in predicting soii moisture on plot 11 at Area
B was assessed at each step. The observed field values were averaged over
three measurement depths (20, 40 and 60 cm) and fJVer four locations on the
plot to give one mean soil moisture value for each measurement time. Best fit
of the predicted to the observed soil moisture patterns was assessed by the
standard technique of regression analysis with ajm of maximizing the corre-
lation coefficient (rz) and optimizing the slope and intercept of the regres-
sion line to approach the equal value iine (Pathak et al. 1984). The param-
eters that produced the optimum GREAMS simulation [summarized in Table 3) were
the minimum saturated hydraulic conductivity of any layer (RC=2.5 x 10-8 tis
for Hackroy sandy clay loam]; and the average field capacity (19%) and average
wilt~ng point (t%%){or sandy loam. The curve number used for the S= repre-
sentation of infiltration and runoff was 95, which results in 95% of precipi-
tation becoming runoff, and 5% infiltrating into the soil profile, These same
parameters were used to initialize a 3 year simulation of plot 11 data using
che HELP model (version 1).

The optimum CREAMS simulation and the corresponding ‘~LP simulation as
well as observed fie!d data are shown in Figure 5. When the predicted and
observed soil moisture were compared point for point by regression analysis,
large differences (under or over-predictions) were observed. Using the corre-
lation coefficient as a measure of overall goodness of fit, only a porticn of
the variation in soil moisture is explainable by the algorithms in the models
(23A for CREAMS, 34% for HE1.P). This implies that a large proport.?.onof the
variability in soil moisture results from processes either poorly represented
or absent in the models. In both models, water transport from the surface
zone (2 to 5 cm) to the layers belo;~is a simple power function of soil water
storage in the surface zone, Percolation below the rooting depth does not
occur unless storage plus inflow exceeds field capacity. These sinlplii’i-
cations of the soil hydrologic system, which undoubtedly contribute to the
reduced accuracy of predictions on a daily time-step basis, may be less im-
portant if monthly or quartcr!y totnls cf water bnl:mcc components arc USCCIto
assess model perfornnncc. It is very clear th:lt11.E1.Pgrossly unclcrcstimntcs



Table 3. Optimized parameters foi CREWS simulation of soil water
storage on plot 11.

soils: o to 15 cm. Sandy clay lom [sCL)
16 to 75 cm, Sandy 1- (SL)

Rooting Dep~l]: 76 cm (30 in.)

SAX curve number: 95

Slope: 5%

Area: 0.40 ha (1 acre)

Soil Parameters:
Saturated hydraulic conductivity:

SCL 2.5x 10-8 tis (0.0035 irfir)

Porosity: SCLO.46
SL 0.46

Field capacity: SCLO.34
SL 0.19

Wilting point: XL 0.15
SL 0.08

:,$

average soil moisture to the depth of the rooting zone throughout the 3 year
simulations. This is due in part to the apparently excessi’”e~ estimates
predicted by lIELPwhich result in soil moisture depletion to a very low level.

RESULTS AND DISCUSSION

Leaf Area Indices

The estimteci LAI value for 1985 and 19S6are sunntarizedin Figures 6-8.
The high spring rains of 1985 resulted in a dense growth of cool season
grasses and forbs on all plots. After weeding in June 19S5, LAI dropped and
from that time, the plots were kept weeded as much as possible. In those
cases where cover was not meamred directly after weeding, a LAI value of 0.01
on the bare plots was assigned to the postweeding date.

Shrub LAI was not very different between the three densely planted plots
by the end of 19S6 (0.68 to 0.78). Plot 10, with 1/5 the density of shrubs,
had about 1/3 the LAI of the densely planted plots, and a Iargcr average size
per individual.

Soil Moisture

Dii’fcrcnccsin soil rnoisturc retention by the three profiles cun k seen
by comparing average soil moisture (20-WI cm dcptl]s)on plots with simil~ll.

10
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and average soil moisture predicted by C13EAMS and I-{ZLP simulation
of plot 11 scenario(i983-1985).

vegetative covers (Figs. 9-11). Under all three vegetative covers (bare,
grass and dense shrubs) it is readily appalent that the east profile (high
percent sandy clay loam) retained more soil moisture throughout the year than
the west profile which is predominantly crushed tuff overlain with a thin
layer of sandy clay loam topsoil. The cobble-gravel profile was consistently
drier than either the east or west profile. This was most likely due to
lateral drainage of soil moisture above the gravel layer as well as to more
complete water extraction by the plant roots in the shallower soil profile
above the cobble-gravel lay~r.

The effect of vcgetativo cover can be assessed by comparing plots with
similar soil profiles. in both the compurlsons, soil moisture was lowest
beneath a shrub vegetative cover. On the east plots, it is also apparent that
in the profile under the shrub cover soil moisture started to dccrcase in May
1985 when the temperature lad risen and the plants started to grow actively
and thus transpire water actively,

This decrease In soil moisture continued through $cptcmbcr 19S5, wi~l]tllc
result thnt avcrngc soil moisture was about 2/3 the values mcas(lrsdon the
grass and bare plots, Although soil moisture incrcascd on nll plots with
spring st~owmelt and ngain with summer rains In 1W?6, the soil moisture on the
shrub plots never rcchargtxito the Icvcls observed on grass and bare plots.

11
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1985 1986
DATE(YEAR/QUARTER)

Fl[J(Jrf29. Soil moisturfi (average 20, 40 and 60
in bare soil plots with different soil profiles.

Spring precipitation leveln were higher than usuai in 19S5,

cm depths)

resulting in a
very higt~soil water content on tillplots in early Spring 19S5. Winter
19S5-86 was nlso drier then usual and the general downward trend in soil water
storago continued until the summur monsoon rains begnn in 19S6. June had ex-
ccptlcnally high rninfnll, Scptcmb~r thrmigh November had higher thnn norml
rninfall, and soil water rcchargc is appurent in most plots.

At tho end of the 19S6 growing ~easoIl,soil moisture on shrub plots was
soverul porccnt (by volume) below grtu.s and bnre trontmonts. The 9011 mois-
ture nvcragcs arc for tho 20, 40 Md 60 cm measurement depths. Since the neu-
tron moisturo probe has n moasuromont sphere-of-influence of up to 20 cm ra-
dius tn soil, m consorvativg cstimnt.o is that the nverugo of tho th’?comeas-
urements reproscnts C)to 70 cm of soil depth, Using this soil dcpt,) the
total soil water storngo waM cmlculutcd It the approximuto utart ~IId cnd of
the growing scosons for 1!)S5o.nd1936, The difforonccs bctwccn the trcntmcnts
on tho cast control profile suggest that nftor 2 years, LT from tho shrub
covor rosultcd in 6.9 cm lCSS wntor stored in tho shrub SO?l profile thnn in
tho bnrc prof!.lc, rind3,6 cm 10SY wntur thun In the grass profile, Slmilllr
trands wcro noted on the west plots,
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Fiqure 1(I. Soil moisture (average20, 40 and 60 CIrI depths)

in derm qrass plots willl differsnt soil profiles.

Prediction of Soil Moisture

The overall predictive power of
pcrccntagc of the variability in the

each model was tested by assessing what
observed data was explained by mode] prc-

ciictionsin two ycur simulations or,all soil/vugetutlon combinations. For
CREAMS runs, t.hcoptimized purnrneterVUIUOS for sotl hydrologic properties
were used, For HELP runs, simulations were first performed using the CXUIAMS
optirr,~zcdVCl~UC?S, nnd then repented using the default values suppltcd by the
HELP model. Etch plot had soil profiles with varying percentages of sandy
clay ~OOm and sar.dy loiIm SOilS, For each plot, profile vnlucs fur hydrologic
paramotcrs wcro calculated os woightol ctvorn~esof the optimum field cq.MM-
itios and wilting points nlrcn~iydotormincd. The driving varinblc wms 1!3S5
and 1986 daily precipitation t[~tals. The first field measurement of lWW WLIS
used to initiullzc profile soil moisture in CREAMS simulations. LAI dut:~S]X?-
cific for each plot was used (Figs, G-8),

The overall prcdictlvo power of each model was nsscswcl by n lincnr rc-
gressicm annly~ltiof prcciictcdversus observed avornwc soil molsturc over nll
plots (rig. 12). For the CREAMS modclt the vnlucs nro wnll clustcrml nboul,
the cqu[~l vnl(Ins line, ‘h vnrid)ilfty is hiMh, mIC{ o~ly (j~~ of lh~ v~lrl:~-
bility in the observed soil moi!iturc VUIUCS is cxpl[lilml h.y tl~c nlwri(lms of

14
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Fiq(.re 11. Soil moisture (average 20, 40 rmd 60 crn depths)

in shrub plats v/ith different soil profiles.

the mode 1. Noncthclezs, over a wide rljvcr~ityof soil profiles and plnnt
ccwers, the mcdcl predicts soil motstl~rewith acceptable accurncy.

In contrust, the ovcrnll rcgrcsuiorm of the HELP predicted soil moisture
vnl~cs shows that neither the CREAMS optimized soil parameters nor the dofnult
soil pnramotors gavo ncccptablo estlmntes of soil moisture. TIM CREMs””opti-
mizcd pnramntcrs rosultcd in excossivel,ylow estimtes of snil moisture rc-
gftrdlessof precipitation cvcn,ts. Th~ Use of d~fault VmlUcS for pr~nter5
raised the avcrugc Iuvcl of prcdictcd soil moisture, but thoro was still u
serious luck of correspondence between obsorvcd and predicted soil moisture,
.-.ssuggcstod by Lhu smnll slopo of tho rcgrossion line (0.33). The rmgo of
soil mcisturc was sovnrely restricted compnrod to observed vnlucs, with IIELP
undcrestinuting soil moisture when field soil moisture wns high, and uvcr-
oatinnting moi~turo whan field soil motsturc wag actually low, It is note-
worthy tkmt lfELPdid not allow soil moisturo to docrcttsobelow nbout 11%,
rogardlosu of t.hoprofile composition or tho timo sinco prccipitntinn. III
:ldditinn,soil wntor rcchnrgo wns significantly below whnt wus nctuully ol)-
sorvod in ~hc field. Tho nocc~sity fol considering tho corrclntirm coef-
ficlont (r?), the Hlopc nnd the intercept of tho regression line, [ml tlIC
proximity of the liIIcto tho cqunl vnlIIcsline tn evnltnttingthe modul pre-
dictions cur] k scon by compnrln~ the two 111:1,1’rcKrc HHtolw, “1’1)0q)llmlzrd
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values produced a regression with a higher overall correlation coefficient (r2
= 0.51) and a lower intercept value (both indicative of good fit), but had
lower slope than the regression of default parameter runs. In addition, in-
spection of the regression plot shows that the predicted values arc far from
the equal values line, and that the higher correlation coefficient is the re-
sult of some model-produced extreme restriction of the range of values pro-
duced.

These results suggest several areas of research which would be fruitful
to pursue. The west plots have a more clearly stratified soil profile, con-
sisting of crushed tuff and a thin layer of top soil. This combination in no
way represents a natural soil. The crushed tuff ~s a finely-ground, sterile,
compacted layer, which does not support vigorous plant growth. Presumably,
plant roots do not penetrate this layer well. The topsoil layer is easily
erodible, and there ts a sharp boundary between the layers. Abrupt discon-
tinuities in the soil profile will possibly result in lateral flow of sub-
surface water, Such proces~es are not accounted for by either model. In con-
trast, the east plots generally had much more topsoil in the profile, and more
closely resembled agricultural soils. It would be advantageous to examine the
hydrologic properties of constructed, artificial soil profiles in greater
detail. Neither CREAMS nor HEI.Pis likely to be able to represent the
movement of water in constructed profiles without more accurate assessment of
soil properties and better representation in the models of water extraction
processes by plants.

With respect to the vegetative cover, the LAI estimates on shrub and bare
covers were more accurate than on the grass covers. Field measurements on
grass covers were founclto have high errors associated with them, even after
doubling the n~mhcr of samples from 50 to 100, Methods of estimating LAI arc
tedious, time-consuming, and rcl:ltivelyinaccurate, and there arc few data
published in the litcrnturc. Development of relationships betwcmn LAI and
easily measurcxlpnrumctcrs (c.g canopy cover) for individual species arc
nccdcd. For grasses, the need is Obvloud.

Previous tests of CREAMS modeling of soil water storngc (Dcvr.turs19S5)
showed that the accuracy ot’ predictions of soil water ~torage ~iccrcuscdwitl~
the ficlciscalo of tho stutiyund with increasing artificiality of the soil
profile, Similnr conclusions were reached by Pnt?mk et al, (19S4) who founri
that ugrcemcnt bctwccn obsorvcd nnd simulated runoff docrcnscd us wntcrshcd
size and soil hctcrogcnicty fncrcnscxl, 130th thcso stuci~cs reported corrc-
lntion coefficients of the regression relntions}~ipbotwcon observed and prc-
dictcd parnmctcr values of 0,21 to 0,7G, sfmflar to the rnngo in this stutiy.
In addition, the slopes of the regression Iincs were from 0,91 to 0,49 (1’ntlulk
ct al, 1984) ntlci(),lGto 0,22 (Dcvaurs 19S!3), indicating that the ten(iuncyof
CREAMS to unfierestimatctho ciynnmicrnn~e in scnsonnl soil wmtcr storn~tcis
nlso reflect.c(iin on undcrcstimutc of the rmn~c of r(lnoffvolumes. ‘H)(!Wt(i(!
rnngc in r V:lIIICS :Ind rc~rcs:;ion lit)oslopes reported in thrso slllcil(’!i nn(i

the prcse~~t st~l(iy SIN)WS th:lt tl~c IIl~solulc v:\lIIcH of i)rmilctcxi w[ltrr t):ll:tl~vu
Comlx)flcnl.s IrKI,y IK! :l(:(; LII”:Ltt~ 011 l,y~lf~(irr(!(!l”t:lIllcol](iltion:i,Sll(’il:1sI“(?]:ltlV(*
uniformity of soi Is Ilrxi sloiN~s,
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SLJMM!RY AND DEVELOPMENT OF PROTOTYPE CLOSURE PLAN

Simulations of the different scenarios were made using the CREAMS and
HELP models. Parameter values for soil hydrologic characteristics were op-
timized using data for a shr[lbplct for which there was a four-year record of
soil moisture (two years prior to the start of the experiment plus two years
during this study). Optimization was performed by varying l’alueswithin rec-
ommended ranges for hydraulic conductivity, field capacity, wilting point and
curve nttmberand then performing a linear regression analysis between observed
and predicted srJilmoisture over a three year period. The process was re-.
peated until it was apparent which combinatioi~of parameter values resulted in
ths highest correlation coefficient (indicating the least amount of scatter in
values), the slope of regression line closest to 1.0 (indicating a d,ynamic
range in predicted values that most closely approximates the variability ob-
served in the field) and an intercept closest to 0.0 (lnc!icatingan absolute
value of soil moisture values most closely resembling the observed values).

The optimization exercise made it very obvious that v: ues for these
parameters derived from laboratory studies may be very different from values
In the field. In addition, the process of constructing u lundfill cover nu-~]
greatly change the effective value of such parameters compared to values for
soils under more natural conditions. As noted by Hmtley (1984), the tsccu]acy
of a simulation result depends on the precision with which the parameters can
be evaluated. Field evaluation of soil hydrologt: parameters wo:]ldKreatly
increase the absolute accuracy of the modeling results.

,Simulationsof all treatment scenarios wrerepurformed for u two year
period w]th CREAMS (using optlmizcd soil parameters). and with HELP (using
optimized soil parameter values and also agaixlusing the default ~r;(l!lctcr
values as supplicciby the HELP moclcl). Predictions ~f’soil moisture ~lsingthe
CREAMS modal more closely resembled tho mrmsured soil moisture over a range of
soii and vegetation trcnt,me:!tsthan predictions obtained using the HELP moclcl
using either set of soil para.rwt,crvalu,’~. The lfE1.,Pmodel produced predicted
values for soil moisture closer to observed values when t!cf.mltsoil pornmetor
vnlucs were used than when usi])gthe CRiX1!S-optimizedvalims. Simulations of
the cast profile trcutmcnts were more uccuratc than those of the west profile
trcatmunts. This mny be because the cast profiles moru C1OSC1Y rcscmblcd u
naturnl soil profile thnn the west profiles, Trcntmcnt.swi(h Shr(lbor bare
co~crs wcro more ncct]rntclymodeled than t-mtmcnts with grass covers,
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of the cap where it can be pumped back to the atmosphere by evapotranspi-
ration. provides a potentially effective means of preventing percolation. Tim
potential effect of increased trench cap thickness in site closure designs on
various components of the water balance for both vegetated and the bare SOI1
conditions is illustrated in Figure 13. If we focus on seepage or percolation
as a function of increasing cnp thickness, we see that increasing thickness
had little effect under bare soil conditions, tut as thicknes~ increased to
about 1 m, seepage below the vegetated surface reached a minimum dictated by a
plant rooting depth of 1 meter. Further increases in cnp thickness had little
effect on seepnge becauso the plant roots could not exploit the deeper re-
gjons.

Using this approach we will evaluate closure designs with and without
partial gravel covers f P erosion control, as well as rock biointruslon
barriers. This will be me for meteorological conditions to encompass the
averege (Figure 13) and lccord wet years, as well a,?for various vegetative
covurs. The cost ek’festivenessand practicality of various designs will be
evmiu.atedwith the help of our site operatnr, who will hwe a major input into
the selection of a final closllredesign.
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